Lo Han Kuo (Siraitia grosvenori Swingle) is the fruit of the Siraitia grosvenori plant.
MATERIALS AND METHODS

Animals
Female ICR mice (6-10 week-old) were obtained from Japan SLC, Inc., Shizuoka. The animals were housed in an air-conditioned room maintained at 24Ϯ2°C with a relative humidity of 55Ϯ15%. They were given standard laboratory rodent chow (Oriental Yeast, Tokyo) and water ad libitum. All procedures involving animals were conducted in accordance with the guidelines of the Animal Care and Use Committee, Faculty of Pharmaceutical Sciences, Okayama University.
Lo Han Kuo Samples To obtain Lo Han Kuo extract, fresh Lo Han Kuo fruits was washed and crushed; then, an extraction was done using hot water at a temperature range of 80 to 90°C. After filtration, the obtained extract was evaporated under reduced pressure. The moisture content of the extract was about 40 w/w%. To prepare the Lo Han Kuo glycoside, Lo Han Kuo extract in paste form was diluted and the sweet components were selectively adsorbed onto a reversal phase column. Using an ethanolic solution, the sweet components that had been adsorbed onto the columns were eluted. Ethanol was then removed. Afterwards, spray drying was used to change the Lo Han Kuo fruit glycosides from a liquid state into powder form. The concentration of mogroside V was about 31 w%.
Drugs The reagents used in the experiments were obtained from the sources shown in parentheses: histamine dihydrochloride (Nacalai Tesque, Kyoto), compound 48/80 (Sigma, St. Louis, MO, U.S.A.). Histamine and compound 48/80 were dissolved in physiological saline and administered intranasally and intradermally, respectively. Nasal Rubbing Behavior To evaluate nasal rubbing, each time the animal rubbed or touched the area near the nose with its forepaws, it was counted as one event. Touches around the eyes and the mouth were disregarded. Before the experiment, the animals were placed into an observation cage (32ϫ22ϫ10 cm) for about 10 min for acclimatization. The extract and glycoside of Lo Han Kuo were administered orally. One hour later, 1 ml of histamine (5 nmol) was instilled into the bilateral nasal cavities. The animals were placed into the observation cage (one animal/cage), and nasal We studied the effect of Lo Han Kuo (Siraitia grosvenori Swingle) on histamine-induced nasal rubbing and compound 48/80-induced skin scratching behavior in ICR mice. An extract and glycoside (a complex of sweet components) of Lo Han Kuo were used in the study. Both the extract and glycoside caused no significant effect on nasal rubbing or scratching behavior, even at a dose of 1000 mg/kg when administered in a single dose. However, the effect of Lo Han Kuo became clear after repeated administration, and 300 and 1000 mg/kg of both extract and glycoside significantly inhibited nasal rubbing and skin scratching behavior after consecutive treatment for 4 weeks. Both the extract and glycoside inhibited the histamine release induced by compound 48/80 at concentrations of 300 and 1000 m mg/ml. From these results, it is assumed that the inhibition of nasal rubbing and skin scratching behavior induced by Lo Han Kuo occurs through a mast cell-dependent mechanism.
rubbing was counted for 60 min.
Scratching Behavior Lo Han Kuo was orally administered to the animals. One hour later, 10 mg/0.02 ml of compound 48/80 was intradermally injected into the rostral part of the shaved back of the mice. Immediately after injection, the animals were put into an observation cage (11 cm in diameter) of MicroAct (Neuroscience, Tokyo), which detects and evaluates mouse-scratching behavior automatically and objectively.
12) Scratching behavior was observed for 60 min. Histamine Release from Mast Cells Peritoneal mast cells were harvested and purified by percoll density gradient centrifugation.
13) The collected mast cells were then incubated with physiological buffer solution (in mM: NaCl 140, CaCl 2 0.9, glucose 5.6, HEPES 5, bovine serum albumin 0.05%; pH 7.4, phosphate buffer solution) for 10 min. Mast cell degranulation was induced by the addition of compound 48/80 (5 mg/10 ml) before adding the samples. Lo Han Kuo extract and glycoside were added to each tube. The reaction was stopped 10 min later by cooling the tubes in ice water, and the tubes were centrifuged at 200ϫg for 15 min. Histamine content was measured in the supernatant and precipitate using an autoanalyzer.
14)
Statistical Analysis All values are expressed as meansϮ standard errors of the mean (S.E.M.). Statistical evaluation of the results was performed by one-way analysis of variance (ANOVA) followed by Bonferroni test. A probability value of less than 0.05 was considered statistically significant. Figure 1 shows the effects of a single administration of Lo Han Kuo extract and glycoside on histamine-induced nasal rubbing behavior. When histamine was administered into the nostrils of the mice, nasal rubbing was observed to an extent of 28.9Ϯ3.7 times per 30 min. The peak was observed 10 min after histamine instillation (19.0Ϯ2.2), decreased to half of its value during the next 10 min (8.1Ϯ1.4), and almost disappeared during the last 10 min (1.7Ϯ0.7). Both the extract and glycoside caused no inhibitory effect, even at a dose of 1000 mg/kg by single administration. Tranilast, used as a positive control at a dose of 300 mg/kg, also failed to inhibit histamine-induced nasal rubbing behavior. When the extract and glycoside were repeatedly administered once a day for 4 weeks, an inhibition of nasal rubbing behavior by Lo Han Kuo was gradually enhanced. The extract at doses of 300 and 1000 mg/kg caused a significant inhibition on hista- mine-induced nasal rubbing after 4 weeks of repeated administration. Glycoside at doses of 300 and 1000 mg/kg also showed a significant inhibition of histamine-induced nasal rubbing after 3 and 4 weeks by repeated administration. In the case of tranilast, significant inhibitory effects were observed after 1 week of consecutive administration (Fig. 2) . Figure 3 shows the effects of a single administration of Lo Han Kuo on compound 48/80-induced scratching behavior. Both the extract and glycoside of Lo Han Kuo caused no significant effect at doses of 300 and 1000 mg/kg. On the other hand, tranilast at a dose of 300 mg/kg significantly inhibited compound 48/80-induced scratching behavior. However, repeated administration of Lo Han Kuo for 4 weeks showed a gradual inhibition of the itch response. The extract at a dose of 1000 mg/kg caused a significant inhibition by repeated administration for 2 weeks, and at a dose of 300 mg/kg it also caused significant inhibition by repeated administration for 4 weeks. After 3 weeks, glycoside at a dose of 1000 mg/kg started showing significant inhibitory effects, and after 4 weeks, at a dose of 300 mg/kg, also caused a significant inhibition of compound 48/80-induced scratching behavior (Fig. 4) .
RESULTS
Nasal Rubbing Behavior Induced by Histamine
Scratching Behavior Induced by Compound 48/80
Histamine Release from Rat Mast Cells Figure 5 shows the effects of the extract and glycoside of Lo Han Kuo on histamine release from rat peritoneal mast cells induced by compound 48/80. Spontaneous histamine release was 6.7Ϯ0.4% (nϭ10), whereas the addition of compound 48/80 at a concentration of 0.5 mg/ml induced a histamine release of 37.4Ϯ2.7% (nϭ10). Administration of both the extract and glycoside of Lo Han Kuo resulted in the concentrationrelated inhibition of this response. A concentration of 100 mg/ml of extract of Lo Han Kuo caused no significant inhibition; however, 300 and 1000 mg/ml significantly inhibited compound 48/80-induced histamine release. Almost similar findings were observed with the glycoside of Lo Han Kuo.
DISCUSSION
It is widely accepted that histamine derived from skin mast cells in response to various stimuli is an important mediator of itching in humans. Several in vitro as well as in vivo studies have confirmed that compound 48/80 potently releases histamine from mast cells, [15] [16] [17] triggering skin responses such as scratching behavior or increased vascular permeability. In this study, histamine and compound 48/80 were used to induce nasal rubbing and scratching behavior, respectively, in ICR mice, responses that were significantly inhibited by consecutive pretreatment of the animals with Lo Han Kuo extract and glycoside. Nasal rubbing was induced by the administration of exogenous histamine, due to the fact that mucosal mast cells present in the nasal cavity are more sensitive to histamine than to compound 48/80, as previously reported. 18) A single administration of Lo Han Kuo extract, glycoside or tranilast could block the nasal rubbing induced by histamine, suggesting that none of the compounds tested showed an H 1 receptor antagonizing effect. Tranilast, an antiallergic drug that inhibits the release of chemical mediators from mast cells, has been reported to reduce the production of the major eosinophil-activating cytokine, IL-5, by daily administration. 19) There is also evidence that the application of histamine into the nasal mucosa induces the release of substance P from peripheral terminals of the trigeminal nerve, 20) and that substance P releases histamine from nasal mucosa mast cells of subjects with or without allergic rhinitis. 21) Although it is not clear, the inhibitory effect of tranilast may be occurring through blockage of these pathways. In the case of compound 48/80-induced scratching behavior, tranilast clearly blocked this response by a single administration via mast cell stabilizing effects, results that were not obtained by a single administration of Lo Han Kuo extract or glycoside. In general, natural products exert a stronger effect by consecutive administration 17, 22) ; therefore, we also studied the effect of Lo Han Kuo administration for 4 weeks on both histamine-induced nasal rubbing and compound 48/80-induced scratching behavior. The inhibition of both nasal rubbing and scratching behavior by Lo Han Kuo was gradually enhanced by repeated administration.
To clarify the mechanism of action of Lo Han Kuo, we studied the effects of the extract and glycoside on histamine release using rat peritoneal mast cells. Lo Han Kuo extract and glycoside at 300 mg/ml or more significantly inhibited histamine release from rat peritoneal mast cells. Thus, we assumed that the inhibitory effects of nasal rubbing and scratching behavior may be attributable to the inhibition of mast cell degranulation. Sweet elements of Siraitia grosvenori have been proven to inhibit the oxidation of LDL. 7) Studies related to the carcinogenic activity of natural sweeteners isolated from Lo Han Kuo demonstrate that mogroside V and 11-oxo-mogroside V show an inhibition of peroxynitrite initiated and 12-o-tetradecanoylphorbol-13-acetate promoted tumors, through antioxidant properties. 23) On the other hand, recent reports provide evidence that oxidative states and free radical generation play important roles in mast cell activation and degranulation. 24, 25) Taken together, all these findings lead us to assume that the inhibitory effects of Lo Han Kuo on nasal rubbing and scratching behavior may be due to an inhibition of histamine release from mast cells through the prevention of superoxide anion generation. 
